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WOOD - POLYSTYRENE COMPOSITES
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Brich and alder wood containing about 75% of polystyrene has been tested in laboratory
conditions on the durability against fungi causing brown, white and soft rot and also on the
moulds occurence. There are also presented 14 years lasting investigations made in natural
conditions in contact with the soil on the durability of composites obtained from pine, beech and
alder wood containing polystyrene in amounts above 100%.

INTRODUCTION

Joining of the wood with some synthetic resins allows to obtain materials
having in them many favourable properties of both constituents. New
composits however need through investigations, in aim to determine po-
ssibilities and directions of use. Due to the high durability on the water
action of the improved wood with the use of synthetic resins [2, 3,
17], it as it seems, to be specially predisposed for the use in conditions
of highly moist environment. But it is known, that the high moisture
content of environment, and substrate at proper temperature is favourable
for the development of various microorganisms. In such conditions occurs
among others development of various fungi causing not only decay of
wood but also of many other substances and usable materials in that
series of synthetic plastics [26].

In connection with that from long time in The Chair of Preservation
and Wood Conservation of the Institute of Chemical Wood Technology
of Agricultural University in Poznan are carried out investigations on

* Abbreviated version of this work has been presented on the IX Symposium Wood
Modification 93 Poznan 6-8 September 1993.
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the durability on the biological corrosion of modified wood with various
synthetics resins. The said investigations are executed as well in laboratory as in
natural conditions with soil contact and in sea water [5, 8, 11, 12, 14, 20]. Till to
this time obtained results of field tests indicate that the material composite wood
— polystyrene shows high durability degree on the complex acting atmospheric
— biological factors. Such high durability has been found for the material
containing 100-120% of polystyrene in wood. The high consumption of this
resin, at high cost is till to this time however one of drawbacks of this method of
wood mprovement. The presented in this work results of studies pertain
durability on the action of various fungi for birch and alder wood containing
polystyrene in quantities from 60 - 88 %. The are included further till to this time
unpublished results of field tests obtained after 14 years. Sooner obtained results
were presented on specialists meetings and scientific conferences.

INVESTIGATED MATERIALS

LABORATORY TESTS

The used materials in laboratory tests has been birch (Betula sp.) and black
alder (Alnus glutinosa Gaertn.) wood, and material composites from wood of
said species and polystyrene. Wood - polystyrene composites were in the Chair
of Hydrothermal Processing and Modification of Wood of Agricultural
University in Poznan, accordingly to the technology patented in PRL N°
81908 Patent [15]. The polystyrene content in wood was from 62-88%. Tests
samples of dimmensions 9x9x 120 mm were cut from squares of properly
bigger dimmensions, enabling obtaining from each square 16 samples. There
were cut also proper number of twin-samples from the vincinity of control
samples of all monomers. All samples from each species of wood were divided
into following groups:

I — natural wood
1 group — samples unexposed for fungal action
2 group — samples exposed for fungal action
II, 11l — composites from birch and alder wood
1 group — samples unexposed for fungal action
2 group — samples exposed for fungal action.

All samples have been conditioned (14 days in laboratory conditions,
10 days drying to constant mass in temperature 55-60°C and “air pressure
about 100 Pa) and then weighted. Afterwards they were left in laboratory
conditions for 4 weeks.
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FIELD TESTED

The description of samples preparation for fields tests has been presented
in previously published materials [6, 7, 13].

METHODS OF RESEARCH

LABORATORY TESTS

The prepared samples have been put in sterile conditions to the Ko-
le’flasks with or malt-agar substrate (for the fungi of Basidiomycotina
Class) or with substrate accordingly to Czapek-Dox) for Asco- and Deu-
teromycotina).

Samples from group 1" were placed in flasks on the sterile substrates, and
of ”2 group on cultivated on them mycelium of proper test fungi. The names
of those fungi are given of Fig. 1, 2 and 3. Flasks with the samples were stored
in conditions depending from needs of fungi groups, that is in case of
Basidiomycotina air temperature was 22+2°C and relative humidity 80+5%
while for Asco- and Deuteromycotina air temperature was 28+1°C and relative
humidity of air about 95%. The time of storage of flasks with samples in such
conditions was 8 weeks. After that time has been observed the speed of
mycelium growth on tested materials. Then the samples were cleaned,
weighted, sterilized in temperature 65°C and put to the equilibrium moisure
content in air with relative humidity 98 — 100%. Then the static bending
strength has been measured of all samples (the supports span 100 mm, speed of
loading S mm/min, direction of loading parallel to the growth rings of wood).
After rupture samples were dried to the constant mass and weighted in aim to
determine their moisure content and weight losses after mycological tests were
concluded. The number of samples in each group was 16 pieces. Results of
tests were presented on the Figg. 1 and 2. The bending strenght of samples
exposed for fungal action in Kolle flasks (group ”2”) is given on the drawings
percentage of control samples strenght (group "'1”) stored in sterile conditions
were sterile substrates.

FIELD TEST

Detailed description of samples preparation for field tests, conditions and
method of conducting the tests has been presented in previous publications
and reports [6, 7, 12, 23]. In the presented paper will be inculded results of
investigation and observation made after 14 years from the moment of their
starting up, covering alder wood (A/nus glutinosa (L.) Gaertn.), beech (Fagus
silvatica L.) and pine sapwood (Pinsu silvestris L.) and composites obtained of
them and polysrene. Content of this polymer in wood was 100-120%. Results
were presented in Table 1.
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RESULTS OF INVESTIGATIONS

LABORATORY TESTS

In course of laboratory tests it was found that there exist diversified speed
of covering of samples with mycelium, in dependence upon tested material and
species of test fungus. Distinct slowing of growth of mycelium of Coriolus
versicolor in comparison with natural wood occured in case of composites
wood — polystyrene. Also the appearance of this mycelium on the samples of
tested composites was different from mycelium on the samples of tested
composites was different from mycelium covering natural birch and alder
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Fig. 1. Effect of fungi upon the static bending strenght of birch wood and its composite with
polystyrene (PS)
Rys. 1. Wplyw grzybéw na wytrzymalosé na zginanie statyczne drewna brzozy i jego kompozytu
z polistyrenem (PS)
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Fig. 2. Effect of fungi upon the static bending strength of alder wood and its composite with
polystyrene (PS)
Rys. 2. Wplyw grzybéw na wytrzymato$¢ na zginanie statyczne drewna olchy i jego kompozytu
z polistyrenem (PS)

wood. In case of soft rot fungi and moulds occurence it was observed
occurence of sporulation and fruit bodies on the natural wood with slightly
visible surface mycelium. On the samples of both composites mycelium
occured in from of distincly developed bloom at the and of 8- week testing
period. It can testify about impeded acces of hyphae of mycelium inside wood,
filled in great degree with polystyrene.

The moisture content of natural wood of 8 weeks of tests overreached fibre
saturation point. It can be assumed as proof of existence in flasks favourable
for fungi development conditions. Above twice lower moisture content of
tested in the some conditions composites wood — polystyrene certifies about
distinct effect of hydrophobization, caused by the presence in wood in average
about 75% of polystyrene.
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Fig. 3 Relative resistance index of wood-polystyrene composites
Rys. 3. Wskaznik wzglednej odpornosci kompozytow drewno — polistyren na
dzatanie grzybow

Visible differences occured in the changes of static bending strenght of
wood exposed for various fungi. The greatest drops of this strength property
was evoked by brown and white rot fungi. About 50% lower strength has been
observed also for wood exposed on the Chaetomium globosum and Trichoder-
ma viride activity for those fungi mass losses reached only 2.4%. Aspergillus
niger, fungus from Ascomycetina is known as widely occuring species in nature
is developing on various materials, causing phenomenon known as “moulds
apperance” [4]. Its cellulolytic activity in lignified tissues is not great. But
carried out investigations are showing, that with slight, statistically insig-
nificant quantitative changes, this species can be the cause of arising
qualitative changes of wood cell wall. It is manifested by distinct statistically
certified changes of statistic bending strenght of wood samples of small
dimmension of cross-section area. The qualitative changes of wood substance
probably occur with greater intensity on the samples surface [10, 19], therefore
drop of static bending strength is more distinct from mass losses. The fact of
changes occurence in cell wall structure of outside zones of wood covered by
Asco- and Deuteromycotina has been observed by numerous authors [21, 24].
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Polystyrene in birch and alder wood in quantitis from 60-88% has contributed
to the increase of durability of tested composites upon fungi action. Taking
into account adopted in tests of preservatives on wood strenght evaluation
criterion (PN-76/C-04906), this increase is insufficient to take the tested
composites wood — polystyrene as durable for biological corrosion. In all cases
with the exception of composite birch wood — polystyrene exposed on the
action of Aspergillus niger, the decrease of static bending strenght of samples
after 8 weeks exposition has been higher than 20%, with statistically certified
significant differences.

For the possible wide evaluation of durability upon fungal action on the
tested composites, the relative durability W, has been stated. For this purpose
the percentage ratio has been established of strength of given composite to the
natural wood strength, taking into account the test fungus species. The
numerical value of relative durability is:

100 — decrease of composite strength
" 100 — decrease of natural wood strength

a

On the Fig. 3 there is presented graphically relative durability of tested
materials on the action of particular fungi. As it can be seen, the greatest effect
of the durability increase upon the action of fungi has been found for the species
causing brown rot of wood (Coniophora puteana and Poria placenta). It concerns
as well composite obtained from birch wood as from alder with polystyrene.
Considerably lower effect occured for the white rot fungus (Coriolus versicolor)
as for three species causing soft rot and moulds occurence. The lowest value of
durability index have both composites in respect to Aspergillus niger. The
differences in static bending strength among natural wood and composite wood
polystyrene did not go over 10%, but with lowering of it greater than 20%.

FIELD TESTS

In the research on the durability in natural conditions with the contact with
soil, two criteria of evaluation of this durability were adopted. On of them that
is visual classification [23], the second testing of strength with nondestructive
method [18]. In both cases the durability of tested materials was stated
expressed in years. In the table 1 results of those investigations are presented.
Samples of pine sapwood after 3.5 years of action of atmospheric — soil
conditions were practically desstrouyed. Similarly low natural durability of
pine wood in contact with soil have been found in Scandinvia [1]. In the some
conditions birch wood, alder and beech wood sustained only one year. Samples
of composite from pine, beach and alder wood with polystyrene with content
of this last in wood in the ranges 100 to 120% were not decayed under the
action of complex changeable atmospheric and soil conditions. In the period
over 12 years there have not been observed symptoms of biological destruction
of tested materials. There did not occurt breaking of samples when loaded with
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Tabela 1
Durability of scots pine, beech and alder wood and their composites
with polystyrene in natural conditions in ground contact on the test
field ,,Kaminsko”
Trwato$¢ drewna sosny, buka i olchy oraz ich kompozytow z polis-
tyrenem w warunkach naturalnych w kontakcie z ziema na poligonie
doswiadczalnym ,,Kamirnisko™

Material Durability (years)
Materiat Trwalosc (lata)
Natural wood
Drewno naturalne

scots pine

biel sosny 3,5

beech

buk 1

alder [

olcha 1

Wood - polystyrol composite
Kompozyt drewno — polistyren

scot pine

biel sosny 12
beech

buk 12
alder

olcha 14

force of about 20% destructive force in the bending test. Underground parts of
samples were in full sound, without decay symptoms.

In the above ground parts of samples deep checks occured in the planes of
radial rays. It means, that the tested wood — polystyrene composite at high
content of polymer are characterized by high degree of durability in natural
conditions with the contact with soil.

REASSUMPTION

Till to this time published data are showing that impregnation of wood
with various synthetic resins contributes to in general distinct increase
of durability upon biological corrosion. It depends, however to the some
degree, from the kind of used resin and above all from its quality in
wood. The bioprotective action of those substances depends mainly from
limiting affiliation of wood tissue towards water and for blocking the
acces of mycelium to the wood [17, 20].

In the laboratory tests wood — polystyrene composite in majority of cases
has been easily covered by surface mycelium. This material in the same
conditions had shown small mass losses under the action of various test
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fungi. Omitting other changes can be on this base taken as material
durable upon biological corrosion. A it was found, in case of about
80% content of polystyrene in wood, fungi of various species are causing
decrease of static bending strength of composite. It is connected probably
with biological decay of cell walls of outside layers of sample, to which
mycelium hyphae have eaisier access.

It is so, despite to fond of partial linking on the chemical way of
polystyrene with the constituents of cell — wall of wood [16]. In respect to the
fungi which are causing occurence of moulds on the various materials (e.g.
Aspergillus niger) it can be assumed, that similarly as in soft rot where occurs
damage of middle lamella the weakening of mechanical strength of composite
and natural wood takes place accordingly to the close pattern. The low
cellulolytic activity, distinct decay of hemicelluloses [24] under influence of
those fungi are speaking for such interpretation of obtained result. Occuring
on the surface of samples qualitative changes are contributing to the distinct
drops of static bending strength of samples [25]. About deciding influence of
quantity of polystyrene in wood, on the composite durability upon biological
corrosion are informing results of 14 years of investigations in field conditions
in the contact with soil.

This composite containing 100-120% of polystyrene sustained 14 years
without changes of mechanical strength. Mentioned previously checks and
delaminations of above ground parts of samples were probably caused by
frequent changes of moisture and photooxydative reactions [10]. It can not be
excluded in this case also partial depolymerization of polystyrene in composite.
Obtainig from wood and polystyrene the in full biodurable material at lower
synthetic resin content is possible by the addition to it toxic substance. Such
possibility has been found on the laboratory scale, on the example of
pentachlorophenol and one of its derivative [5].

But sanitary — toxicological — ecological reasons need however, that for
this purpouse is to be used fungicide of newer generation of decidedly lower
toxicity.

Received in March 1993
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KOMPOZYTY DREWNO — POLISTYREN
W TESTACH ODPORNOSCI BIOLOGICZNEJ

Streszczenie

Naturalne drewno brzozy (Betula sp.) i olchy czarnej (Alnus glutinosa (L.) Gaertn.) oraz
drewno tych gatunkow zawierajace polistyren w ilosciach od 62 do 88%, poddano w warunkach
laboratoryjnych dziataniu grzybow Coniophora puteana (Schum. ex Fr.) Karst., Coriolus versicolor
(L. ex Fr.) Quel., Chaetomium globosum Kunze, Trichoderma viride Pers., Paeciliomyces varioti
Bainier 1 Aspergillus niger van Thieghem. Po 8 tygodniach oznaczono ubytki masy probek oraz
zmiany wylrzymatosci na zginanie statyczne w poréwnaniu z probkami tych samych materiatow,
nie wystawionych na dzialanie grzybéw. Stwierdzono wyzsza odporno$¢ od drewna naturalnego
badanego kompozytu drewno — polistyren, jednak nie tak duza, aby uznaé go za w peli odporny
na korozje biologiczna.

Wyniki 14-letnich badan prowadzonych na przestrzeni otwartej w kontakcie z ziemia nad
naturalnym drewnem sosny (Pinus silvestris L.), buka (Fagus silvatica L.) i olchy czarnej oraz
drewnem tych gatunkow zawierajgcym ponad 100% polistyrenu wykazaly, ze kompozyt ten
w porownaniu z drewnem naturalnym wyrdznia si¢ co najmniej 14-krotnie wzrostem odpornogci
na kompleksowo dzialajgce czynniki atmosferyczne i biologiczno-glebowe.

Z przeprowadzonych badan wynika miedzy innymi, ze o odpornosci na korozjg biologiczna
kompozytow drewno — polistyren decyduje zawarto$¢ polimeru w drewnie.
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